. DNase activity. Here we report the identification of a We refer to this novel protein as Helicard. Most of the widely expressed helicase designated Helicard, which helicases contain seven characteristic motifs in a region contains two N-terminal CARD domains and a C-terof 300-500 residues. The DECH sequence found in motif minal helicase domain. Upon apoptotic stimuli, Heli-II of Helicard indicates that it is a member of the DExHcard is cleaved by caspases, thereby separating the box subfamily of RNA and DNA helicases. The corre-CARD domains from the helicase domain. While Helisponding human homolog shows extensive sequence card localizes in the cytoplasm, the helicase-conhomology (84% identical aa, data not shown). Database taining fragment is found in the nucleus. Helicard acsearches revealed that proteins with a similar overall celerates Fas ligand-mediated DNA degradation, structure exist in human (RIG1), pig (RIG1), and C. elewhereas a noncleavable or a helicase-dead Helicard gans (F15B10.2), indicating that Helicards are evolutionmutant does not, implicating Helicard in the nuclear ary highly conserved. The expression of RIG1 is upreguremodeling occurring during apoptosis. lated by retoinic acids, but its function is not known [12]. Given the homology of Helicard with helicases, we Results and Discussion tested Helicard for its helicase activity using an indirect method, based on the ATPase activity of helicases [13]. DNA and RNA helicases are a ubiquitous and diverse
band corresponds to a proteolytic cleavage product (see below).
We considered a role of Helicard in apoptosis in view of the presence of CARD domains. When 293T cells were transiently transfected with an expression vector encoding Helicard, not only the full-length Helicard (140 kDa) protein but also frequently a fragment of 45 kDa, which corresponds in size to the fragment seen in tissues (see Figure 1E ), was detectable (Figure 2A) . Upon FasL stimulation, Helicard was processed into three additional N-terminal cleavage products. At 60 min after FasL addition, a 41 kDa fragment was detectable, followed by the appearance of fragments of 28 and 30 kDa, respectively. Similar data were obtained when TRAIL, another cytotoxic ligand of the TNF superfamily, was used to induce apoptosis (Figure 2A) . Moreover, staurosporine, which via its kinase inhibitory activity triggers apoptosis through the mitochondrial pathway [14], induced processing of Helicard, indicating that processing of Helicard occurs upon activation of both major proapoptotic pathways. Processing of endogenous Helicard is shown in Figure 2B , where, in the murine A20 B lymphoma cell, the full-length Helicard was cleaved into fragments of 45 kDa and 28-30 kDa ( Figure 2B ). Interestingly, an additional fragment of 120 kDa was generated. While this latter cleavage was predicted to occur after the helicase domain, all other processing events were calculated to take place in the intermediate domain, which separates the CARD domains from the helicase domain. The generation of these fragments was caspase dependent, as it was inhibited by z-VAD-fmk, a pan-caspase inhibitor (data not shown). Using more Figure 4B ). DNA degradation was also not accelerated with a Helicard that was mutated in the DExH box (E→A). This mutant form is predicted to not bind ATP and therefore to have no helicase activity (Figure 4B) . Thus, the observed sensitization to DNA degradation by Helicard is dependent on the helicase activity and on processing by caspases.
Helicard is a novel, highly conserved helicase whose ATPase activity can be stimulated by RNA and less potently by DNA. The physiological function of Helicard, of the related RIG1, and of the C. elegans homolog is currently not known. We found that Helicard is cleaved in apoptotic cells and that the processed protein significantly sensitizes cells to DNA degradation. Although the exact mode of action is unknown, it is tempting to speculate that Helicard is activated upon binding to a CARD-containing protein that binds to one of the CARD domains of Helicard. We tested more than 15 CARDcontaining proteins and found no interaction partner, suggesting that Helicard's CARD associates with a hith- 36, 607-634.
